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(54) Apparatus for management of sleep apnea 

(57) A device for treating sleep apnea comprising 
means for detecting an apnea event and means respon- 
sive to detection of an apnea event for stimulating the 
heart at a higher rate than the heart's natural rate. 
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Description 

[0001 ] This invention relates to an apparatus for man- 
agement of sleep apnea. 

[0002] Sleep apnea has been known for some time as 
a medical syndrome in two generally recognized forms. 
The first is central sleep apnea, which is associated with 
the failure of the body to automatically generate the 
neuro-muscular stimulation necessary to initiate and 
control a respiratory cyde at the proper time. Work 
associated with employing electrical stimulation to treat 
this condition Is discussed in Glenn, "Diaphragm Pac- 
ing: Present Status". Pace, V. I, pp 357-370 (July-Sep- 
tember 1978). 

[0003] The second sleep apnea syndrome is known 
as obstructive sleep apnea. Ordinarily, the contraction 
of the dilator muscles of the upper ainways (nose and 
pharynx) allows their patency at the time of inspiration. 
In obsti-uctive sleep apnea, the obstruction of the air- 
ways results in a disequilibrium between the forces 
which tend to their collapse (negative inspiratory 
transpharyngeal pressure gradient) and those which 
conti-ibute to their opening (muscle contraction). The 
mechanisms which underlie the triggering of obstructive 
apnea include a reduction in tiie size of the superior air- 
ways, an increase in tiieir compliance, and a reduction 
in tiie activity of the dilator muscles. The dilator muscles 
are intimately linked to tiie respiratory muscles and 
these muscles respond in a similar manner to a stimula- 
tion or a depression of tiie respiratory centre. The venti- 
latory fluctuations observed during sleep (alternately 
hyper and hypo ventilation of periodic respiration) tiius 
favour an instability of the superior ainvays and the 
occurrence of oropharyngeal obstruction. The respira- 
tory activation of the genioglossus has been particularly 
noted to be ineffective during sleep. The cardiovascular 
consequences of apnea include disorders of cardiac 
rhythm (bradycardia, auriculoventi^icular block, ventricu- 
lar extrasystoles, tachyarrhythmias) and hemodynamic 
(pulmonary and systemic hypertension). This results in 
a stimulatory effect on the autonomic nervous system. 
The electi'oencephalographic awakening is responsible 
for the fragmentation of sleep. The syndrome is there- 
fore associated witii an increased morbidity (tiie conse- 
quence of diurnal hypersomnolence and cardiovascular 
complications). 

[0004] A method for treatment of obstructive sleep- 
apnea syndrome Is to generate electrical signals to 
stimulate tiiose nerves which activate tiie patient's 
upper ainvay muscles in order to maintain upper airway 
patency. For example, in U.S. Patent 4,830.008 to Meer, 
inspiratory effort is monitored and electrical signals are 
directed to upper airway nuiscles in response to the 
monitored inspiratory effort. In U.S. Patent 5,123,425 a 
collar contains a sensor to monitor r spiratory function- 
ing to detect an apnea episode and an electronics mod- 
ule which generates electrical bursts to electrodes 
located on the collar. The electrical bursts are trans- 



fen'ed transcutaneously from the electrodes to tiie 
nerves innervating the upper airway musdes. In U.S. 
Patent 5,174.287 issued to Kallok. sensors monitor tiie 
electric£U activity assodated witii contractions of tiie dia- 

5 phragm and also tiie pressure within the tiiorax and the 
u|:^er ainway. Whenever electrical activity of the dia- 
phragm suggests tiiat an inspiration cyde is in progress 
and the pressure sensors show an abnormal pressure 
differential across the ainw£^, the presence of obstruc- 

10 tive sleep apnea is assumed and electrical stimulation is 
applied to tiie musculature of tiie upper ainway. In U.S. 
Patent 5,178.156 issued to Wataru et al. respiration 
sensing includes sensors for sensing breathing through 
left and right nostrils and through the mouth which iden- 

15 tifies an apnea event and thereby ti'iggers electrical 
stimulation of tiie genioglossus. In U.S. Patent 
5,190,053 issued to Meer, an intra-oral, sublingual elec- 
trode is used for tiie electrical stimulation of the gen- 
ioglossus to maintain the patency of an upper airway. In 

20 European Application No. 0507580 (Kallok et al). upon 
sensing of tiie onset of an apnea event, a stimulation 
generator provides a signal for stimulating tiie muscles 
of the upper ainway at a varying intensity such tiiat tiie 
intensity is gradually increased during tiie course of tiie 

25 Stimulation. 

[0005] In tiie known systems. It has been found diffi- 
cult to ensure stimulation of the conect muscular struc- 
tures in the upper airway in each patient for example, 
the hypoglossal nerve is dose to other structures which 

30 should not be stimulated. Furtiier, an electrode intended 
to stimulate tiie hypoglossal nerve must be placed 
through a tiny incision which makes anatomical identifi- 
cation difficult and airflow measurements impossible. 
[0006] As an alternative, several self-sizing cuff, or 

35 half-cuff designs have been proposed (see e.g. U.S. 
Patents 4.573,481; 4.602.624; 5,095.905 and 
5,344.438). Even with such designs, however, the sur- 
geon implanting the electrode needs to be able to place 
the electrode precisely at the point on the nerve where 

40 effective stimulation can be applied to open the ainway. 
[0007] The present invention aims to overcome these 
problems by providing a device for ti'eating sleep apnea 
comprising means for detecting an apnea event and 
means responsive to detection of an apnea event for 

45 stimulating tiie heart at a higher rate than tiie heart's 
natural rate. 

[0008] The inventors have noted tiiat patients witii 
implanted fixed rate (i.e. 70 bpm) cardiac pacemakers 
often suffer from insomnia. It was realised that high 

so rates of cardiac pacing often aKer the patient's sleep 
pattern, sometimes even causing tiie patient to wake. 
The present invention aims to use this clinical effect to 
positive effect in treating sleep apnea. 
[0009] The invention involves detecting sleep apnea, 

55 as discussed further below, and in response to such 
detection, applying pacing pulses to the heart at an oth- 
erwise non-physiologically high rate i.e. a higher rate 
tiiat needed but below pathological rates. 
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[001 0] During sleep, the heart typically beats at 30-55 
bpm. In the preferred embcxliment of the present inven- 
tion, on detection of sleep apnea, pacing pulses at a 
rate of 70-100 bpm are delivered to the heart. This car- 
diac pacing rate may be achieved gradually or by an 
abrupt increase. 

[0011] During sleep, such a high pacing rate would 
tend to arouse or awaken the patient. This would end 
the apnea and allow the patient to breath. 
[001 2] Preferred embodiments of the present inven- 
tion will now be described, in more detail, by way of 
example only, with reference to the accompanying 
drawings. 

Fig. 1 is a flow chart of the operation of a device 
according to the present invention. 

Fig. 2 is a block diagram of a cardiac stimulator 
which may be used in the present invention. 

Fig. 3 shows waveforms of heart rate and respira- 
tory rate over time, indicating the occurrence of an 
apnea event 

[001 3] The preferred embodiment detects low cardiac 
rates as an indication of resting. Preferably, the inven- 
tion uses a typical rate-responsive bradycardia pace- 
maker and transvenous medical electrical lead which, 
upon detection of sleep apnea and suspension of respi- 
ration during sleep, would pace the heart at a relatively 
higher frequency. 

[001 4] Sleep apnea is often associated with bradycar- 
dia. In one embodiment, therefore, a low heart rate, 
below a predetermined apnea threshold, detected by a 
known bradycardia detection system, may be used as 
an indication of sleep apnea. Such a predetermined 
apnea threshold, inddentally, is preferably set or pro- 
grammed by the physician. Thus, detection of a 
decrease in heart rate below the preset threshold, by 
the bradycardia pacemaker could also be a trigger for 
rapid rate pacing which acts to alter the sleep pattern of 
the patient. 

[001 5] Instead of using detection of low heart rate as 
an indication of sleep apnea, there are other readily 
detectable physiological phenomena present when an 
alteration in sleep level is highly desirable. Other detec- 
tion schemes such as minute ventilation or respiration 
rate, as used in the pacemaker described in US Patent 
No. 4.901,725, or pressure or impedance sensing, may 
be used. These additional detection schemes, moreo- 
ver, may be used alone or in conjunction with all other 
schemes. Moreover, each may feature a pre-deter- 
mined threshold, programmable by the physician. If 
apnea is detected, it should be determined whether or 
not there is a low heart rate. 

[001 6] Once triggered by detection of low cardiac rate, 
minute ventilation or respiratory rate, the pacing system 
of the present invention would begin to pace rapidly, e.g. 



90bpm. Many different padng modes are available, all 
of which could be used in the present invention. It is 
expected that Wl pacing could be most effective. 
[0017] Referring now to the drawings, preferred 

5 embodiments will now be described. 

[0018] The invention may b used in patients who 
already have an implanted pacemaker or may be 
implanted into patients specifically to treat sleep apnea. 
If a patient is already fitted witii a pacemaker, e.g. to 

10 treat bradycardia, the pacemaker will be already pro- 
grammed to pace at a given, normal rate. The pace- 
maker may need to be programmed according to the 
present invention. 

[001 9] In any case, the device is arranged to sense an 
15 apnea event. In one emt)odiment a decrease in heart 
rate below a given threshold is taken as an indication of 
tiie onset of sleep apnea. Devices are known which 
detect a decrease in heart rate and, in response to a 
detected decrease, activate a pulse generator. One 
20 such device is the bradycardia pacemaker shown in Fig. 
2. 

[0020] Lead 14 includes an intracardiac electrode 24 

located near its distal end and positioned within the right 
ventricle 16. Electrode 24 is coupled by a lead conduc- 
es tor 14 through an input capacitor 26 to the node 28. and 
to tiie input/output terminals of an input/output circuit 
30. 

[0021 ] Similarly, tiie lead 1 5 has a distally located int- 
racardiac elect'ode positioned within the right atrium 

30 17. Electrode 22 is coupled by a lead conductor 15 
through an input capacitor 75 to a node 76, and to tiie 
input/output terminals of the input/output circuit 30. 
[0022] Input/Output Circuit 30 contains the operating 
input and output analog circuits for digital controlling 

35 and timing circuits necessary for the detection of electri- 
cal signals derived from the heart, such as the cardiac 
electrogram, output from sensors (not shown) con- 
nected to tiie leads 14 and 15. as well as for the appli- 
cation of stimulating pulses to the heart to control its 

40 rate as a function thereof under the control of software- 
implemented algoritiims in a Microcomputer Circuit 32. 
[0023] Microcomputer Circuit 32 comprises an On- 
Board Circuit 34 and an Off-Board Circuit 36. On-Board 
Circuit 34 includes a microprocessor 38. a system clock 

45 40. and on-board RAM 42 and ROM 44. Off-Board Cir- 
cuit 36 includes an off-board RAM/ROM Unit 46. Micro- 
computer Circuit 32 is coupled by Data Communication 
Bus 48 to a Digital Conti'oller/Timer Circuit 50. Micro- 
computer Circuit 32 may be fabricated of custom IC 

50 devices augmented by standard RAM/ROM compo- 
nents. 

[0024] An antenna 52 is connected to Input/Output 
Circuit 30 for purposes of uplink/downlink telemetry 
through a radio frequency (RF) Transmitter/Receiver 
55 Circuit (RF TX/RX) 54. Telemetering both analog and 
digital data between antenna 52 and an external device, 
such as an external programmer (not shown), is accom- 
plished in the prefen'ed embodiment by means of all 
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data first being digitally encoded and then pulse position 
modulated on a damped RF carrier, as substantially 
described in U.S. Pat No. 5.127,404. issued on July 7. 
1992. entitled "Telemetry Format for Implantable Medi- 
cal Device". A reed switch 51 is connected to Input/Out- 5 
put Circuit 30 to enable patient follow-up via disabling 
the sense amplifier 146 and enabling telemetry and pro- 
gramming functions, as is known in the art. 
[0025] A Crystal Osdilator Circuit 56, typically a 
32,768 Hz crystal-controlled oscillator, provides main 
timing clock signals to Digital Controller/Timer Circuit 
50. A Vref/Bias Circuit 58 generates a stable voltage ref- 
erence and bias cun^ents for the analog circuits of 
Input/Output Circuit 30. An ADC/Multiplexer Circuit 
(ADC/MUX) 60 digitizes analog signals and voltages to 
provide telemetry and a replacement time-indicating or 
end-of-life function (EOL). A Power-on-Reset Circuit 
(POR) 62 functions to initialize the pacemaker 10 with 
programmed values during power-up, and reset the pro- 
gram values to default states upon the detection of a low 
battery condition or transiently in the presence of cer- 
tain undesirable conditions such as unacceptably high 
electromagnetic interference (EMI), for example. 
[0026] The operating commands for controlling the 
timing of the pacemaker are coupled by bus 48 to Digital 
Controller/Timer Circuit 50 wherein digital timers set the 
overall escape interval of the pacemaker, as well as var- 
ious refractory, blanking and other timing windows for 
controlling the operation of tiie peripheral components 
witiiin Input/Output Circuit 50. 
[0027] Digital Controller/Timer Circuit 50 is coupled to 
sense amplifiers (SENSE) 64 and 67, and to electro- 
gram (EGM) amplifiers 66 and 73 for receiving amplified 
and processed signals pickup up from electrode 24 
through lead 14 and capacitor 26, and for receiving 
amplified and processed signals picked up from elec- 
trode 22 tiirough lead 15 and capacitor 75. representa- 
tive of the electrical activity of the patient's ventricle 16 
and atrium 17, respectively. Similarly, SENSE amplifiers 
64 and 67 produce sense event signals for re-setting the 
escape interval timer within Circuit 50. The electrogram 
signal developed by EGM amplifier 66 is used in those 
occasions when the implanted device is being interro- 
gated by the external programmer/transceiver (not 
shown) in order to transmit by uplink telemetry a repre- 
sentation of the analog electrogram of tiie patient's elec- 
trical heart activity as described in U.S. Pat No. 
4.556.063. issued to Thompson et al., entitled Teleme- 
try System for a Medical Device". 
[0028] Output pulse generators 68 and 71 provide the 
pacing stimuli to the patient's heart 1 1 through output 
capacitors 74 and 77 and leads 14 and 15 in response 
to paced trigger signals developed by Digital Control- 
ler/Timer Circuit 50 each time the escape interval times 
out, or an externally transmitted pacing command has 
been received, or in response to other stored com- 
mands as is well known in the pacing art. 
[0029] In a preferred embodiment of the present 



invention, pacemaker 10 is capable of operating in vari- 
ous non-rate-responsive modes which include DDD, 
DDI, Wl. VOO. AOO, VDD. DVI, AAT and WT. as well 
as corresponding rate-responsiv modes of DDDR, 
DDIR. WIR. VOOR and NA/TR. Further, pacemaker 10 
can be programmably configured to operat such that it 
varies its rate only in response to one selected sensor 
output, or in response to both sensor outputs, if desired. 
[0030] Alternatively, apnea could be sensed by moni- 
toring inspiratory effort as in e.g. US Patent No. 
4,830.008 to Meer. or monitoring respiratory functioning 
as in e.g. US Patent No. 5,123,425. Anotiier method of 
detecting apnea, as desaibed in US Patent No. 
5,174.287 to Kallok involves monitoring the electrical 
activity associated with contractions of tiie diaphragm 
and also pressure within ttie thorax and tiie upper air- 
way In US Patent No. 5.1 78,156 to Wataru et al respira- 
tion sensing includes sensors for sensing breatiiing 
tiirough left and right nostrils and through tiie moutti to 
identify an apnea event 

[0031] US Patents 5.201,808 to Steinhaus et al; 
5,271,395 to Wahlstrand et al and 4,596.251 to Plicchi 
et al disclose impendence sensors such as those used 
in measuring minute volume for control of output rate of 
cardiac pacemakers, which can be used to provide a 
respiratory effort sensor to identify apnea. US 
5,540,732 to Testerman also discloses a metiiod of 
detecting sleep apnea using an impedance sensor. 
Many other methods of detecting sleep apnea, such as 
disclosed in EP 0702978 and EP 0706808, are known 
and may be used in the present invention. 
[0032] In response to the detection of sleep apnea in 
Step 1 of Fig. 1, the stimulation device applies pacing 
pulses at a higher than normal rate, e.g. 90 bpm, to tiie 
heart (Step 2). 

[0033] The high rate pacing pulses may be generated 
and applied to the heart using tiie device shown in Rg. 
2, as described above. Of course, many otiier types of 
pacing systems are known, and any may be used in tiie 
present invention. 

[0034] In a prefenred embodiment, the device is pro- 
vided with an on/off switch mechanism (such as a reed 
switch) for connecting/disconnecting the apnea circuit. 
[0035] In one arrangement, for example where apnea 
is detected tiirough minute ventilation, if the apnea per- 
sists for a predetermined time, e.g. 10 seconds, the car- 
diac pacing rate switches to the higher rate. This mode 
switch can be abrupt or gradual. After a fixed period of 
time, or when the apnea is terminated, pacing is tiien 
witiidrawn. 

[0036] The patient has to switch the mode switch 
mechanism on with a magnet when going to sleep and 
switch it off when he wakes up. (This function is oppo- 
site to that for WIR pulse generation). If tiie pulse gen- 
erator has an activity sensor, switching can 
automatically occur if body activity less than a pre- 
determined threshold or minute ventilation indicative of 
sleep is detected for a predetermined time, e.g. 10 sec- 
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onds. If body activity is subsequently detected over a 
period of say a few seconds, the pulse generator then 
switches back to its normal operation. 
[0037] In an altemative arrangement, the mode switch 
is triggered when arterial or venous oxygen saturation 
drops below a predetermined level in the absence of 
any minute ventilation. This predetermined level could 
be a fixed level or a combination of oxygen saturation 
decay and a set level. 

[0038] An on/off switch could, alternatively, be trig- 
gered by. e.g. a pressure sensor in the thorax as dis- 
closed in. e.g., US 5.540.732 to Testerman. 
[0039] The unusually high paced heart rate will cause 
the patient to wake and this should terminate the apnea 
event (Step 3). 

[0040] Fig. 3 shows the effect of the present invention 
on the heart rate and respiratory rate of a patient. The 
top waveform shows the activity of the patient overtime. 
The next waveform down shows minute ventilation over 
time, with a predetermined apnea threshold indicated. 
[0041] The third waveform down shows the patient's 
heart rate over time and the bottom waveform shows 
the patient's pacing rate over time, with the dotted line 
indicating the patient's resting heart rate. The wave- 
forms shown relate to those for a patient already having 
an implanted cardiac pacer set to pace at a first lower 
pacing rate, e.g. 60bpm. This rate is selected to be less 
than the patient's resting heart rate so as not to apply 
pacing therapy while the patient is merely resting. 
[0042] At time D2, the minute ventilation decreases 
below the apnea threshold. This decrease in respiratory 
rate, indicative of an apnea event, also results in a 
decrease in heart rate, as shown. In response to this 
detection, corresponding to detection of an apnea 
event, a higher pacing rate, e.g. 90 bpm is applied by 
the pacer. The increased pacing rate results in an 
increasing heart rate. 

[0043] The apnea is tiius quickly terminated and the 
pacing at the high rate of 90bpm is terminated resulting 
in the heart rate returning to the resting rate. 
[0044] The feature of activity sensing is an optional 
feature. 

[0045] Once the apnea is terminated, tiie device 
returns to its standby mode, ready to detect another 
apnea event. If the patient also uses the pacemaker for 
treating brady- or tachyarrhythmias, the pacer will return 
to padng at tiie pre-programmed lower (normal) rate. 

Claims 

1 . A system for treating sleep apnea comprising: 

means (24,64,67) for sensing sleep apnea; and 
means (68,71) for electrically stimulating tiie 
heart in response to tiie sensing of sleep 
apnea. 

2. A system for treating sleep apnea according to 



daim 1 wherein the means for detecting sleep 
apnea comprise means for sensing the minute ven- 
tilation of a patient 

5 3. A system for treating sleep apnea according to 
daim 2 means for sensing the minute ventilation 
further comprises a pre-determined apnea minute 
ventilation threshotel. 

10 4. A system for treating sleep apnea according to 
daim 1 wherein tiie means for detecting sleep 
apnea comprise means for sensing the respiration 
rate of a patient. 

75 5. A system for treating sleep apnea according to 
daim 1 wherein tiie means for detecting sleep 
apnea comprise means for sensing an apnea-lndic- 
ative heart rate of a patient. 

^ 6. A system for treating sleep apnea according to 
daim 2, 3, 4 or 5 wherein the means for sensing 
sleep apnea further comprises an activity sensor. 

7. A system for treating sleep apnea according to any 
25 preceding claim wherein tiie means (68,71) for 

electrically stimulating the heart comprise means 
for electrically stimulating the heart of a patient at a 
rate which is higher than the othenn^se physiologic 
rate of the patient. 

30 ' 

8. A system for treating sleep apnea according to 
daim 7 wherein tiie rate which is higher tiian tiie 
othenA/ise physiologic rate of the patient is greater 
tiian 90 beats per minute. 

35 

9. A system for f eating sleep apnea according to any 
preceding claim wherein the means for electrically 
stimulating tiie heart comprise means for detecting 
the present physiologic heart rate of the patient and 

40 stimulating tiie patient's heart for a preset period of 
time 

10. A system for treating sleep apnea according to any 
preceding daim wherein said means for electrically 

45 stimulating the heart furtiier comprise a medical 
electrical lead. 

11. A system for treating sleep apnea according to 
daim 10 wherein said means for electi'ically stimu- 

50 lating tiie heart further comprise a transvenous 
medical electrical lead. 

12. A system for f eating sleep apnea according to any 
preceding claim furtiier comprising mode switching 

55 means for switching tiie system from a first mode in 
which apnea may be detected to a second mode in 
which apnea may not be detected. 
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13. A system for treating sleep apnea according to 
claim 12 wherein the mode switching means com- 
prises a reed switch. 

14. A system for treating sleep apnea according to 
claim 12 in combination with claim 6 wherein th 
mode switching means is triggered by the activity 
sensor sensing less than a predetermined activity 
level. 
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